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1 . Title of Invention 

BIPOLAR TRANSISTOR STABILIZED WITH ELECTRICAL INSULATING 

2. Cla ims 

1. ' A heterojunction bipdlar transistor based on III-V 
semiconductor materials comprising a collector, a base and an emitter 
and having a mesa located on the base, said transistor furthermore 
comprising electrically insulating elements fn contact with the free 
surface of the base and in contact with the flanks of the mesa, the 
width of said elements being of the same magnitude as the width of 
said mesa, 

2. A heterojunction bipolar transistor according to claim 1, 
wherein the width of each electrical insulating element is in the region 
of one micron, the width of the mesa being in the region of two 
microns. 

3. A heterojunction bipolar transistor according to one of the 
claims 1 or 2, wherein the mesa is an emitter mesa constituted by n 
doped Ga x Jni_ x P, the base is constituted by p doped Gayini-yAs, the 
electrically Insulating elements being formed by Ga x in-|_ x P containing 
boron. 

4* A heterojunction bipolar transistor according to one of the 
claims 1 to 3, wherein the mesa comprises, on the surface P an ohmic 
contact layer made of refractory metal of the TiWSi, WN, TiW or 
other type. 

5. A heterojunction bipolar transistor according to one of the 
claims 1 to 4, further comprising a passivation layer covering the 
entire relief of the transistor. 

6- A heterojunction bipolar transistor according to one of the 
claims 1 to 5 further comprising a heat sink in the form of a bridge 
lying on the one hand on the mesa and on the other hand on the 
substrate. 
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7. A method for making a hetero junction bipolar transistor based 
on lll-V semiconductor materials comprising the epitaxial growth of 
semiconductor layers, a p type {or n type) doped layer of which, 
constituting the base, is contained between two n type (or p type) 
doped layers constituting the emitter and the collector, wherein said 
method further comprises: 

- the fon implantation, through a mask with a width ), of 
electrically insulating ions in the layer called the upper layer, located 
above the base layer; 

- the etching through a mask with a width L, greater than the 
width I, of the layer that has been made to be locally electrically 
Insulating, so as to define electrically insulating elements on either 
side of doped semiconductor elements, 

8. A method for the making of a bipolar transistor according to 
claim 7, wherein the layer called the upper layer and the base layer 
have different types of behavior with respect to Ion implantation. 

9. A method for the making of a bipolar transistor according to 
claim 8, wherein the layer located above the base layer is made of n 
doped Ga x lni_ x P and the base layer is constituted by p doped 
Gayln-f.yAs. 

10. A method for the making of a bipolar transistor according to 
any of the claims 7 to 9, wherein the mask with a width I Is made of 
Ti/Au type metal. 

11. A method for the making of a bipolar transistor according to 
any of the claims 7 to 9, wherein the mask with a width I is made of 
resin. 
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3. Detailed Description of Invention 

BACKGROUND OF TH F INVENTION 

1. Field of the Invention 

The field of the invention is that of bipolar transistors and 
especially vertical structure heterojunction bipolar transistors in which 
tho current is conveyed perpendicularly to the surface of the 
substrate. These transistors are used for microwave applications. 

A bipolar transistor is constituted by a stack of layers of 
semiconductor materials, of which at least one surface layer is etched 
in a mesa formation, namely a raised or embossed pattern. Figure 1 
illustrates a standard structure of a heterojunction bipolar transistor or 
HBT comprising a substrate S, a sub-collector SC, a collector C, a 
base B and an emitter E. Conventionally, a contact CE is made on the 
surface of the emitter by the superimposition of matched layers. 
Laterally, two contacts CBf and CB 2 are also made in the collector on 
either side of the base. 

This type of vertical structure raises a problem of electron/hole 
recombination at the free surfaces S-j and $2 shown in Figure 1. 
These recombinations play a major role in the deterioration of current 
gain. 

The smaller the size of the transistors, the greater is this 
phenomenon, with the surface recombination phenomena playing a 
greater role. Consequently, the microwave applications of such 
structures are heavily penalized by this problem. Indeed, for 
microwave operation, a bipolar transistor consists of several 
elementary transistors (also called fingers) positioned in parallel. To 
limit the base resistance, it is necessary to limit the width of the 
emitter and therefore the width of each finger. Typically, the width of 
a finger may be in the range of 2 Aim for applications using 
frequencies betow 100 GHz while the length of the finger of the 
emitter may be about 30 microns. 

2. rtesnrintion of the Prior Art 

Certain solutions have already been brought to bear on this 
problem, especially in the context of HBT transistors made with 
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GaAIAs/GaAs type materials. Thus, it has been proposed to introduce 
a passivation layer by leaving, on the surface between the emitter and 
the base, a semiconductor material with a wide gap that is very thin 
and therefore depopulated. This prevents the appearance of 
recombinant electrical defects at the base/passivatton interface. More 
specifically. Figure 2 describes a structure in which the emitter E has 
a special architecture obtained by the partial etching of a layer of 
GaAIAs deposited on a layer of GaAs constituting the base B. Two 
contacts CB^ and CB 2 arc made on the emitter layer on the surfaces 
S'l and S'2. Then, by an appropriate treatment, these contacts may 
get diffused on the thickness e 0 - I" this configuration, the 
electron/hole recombinations in the base, which previously enjoyed 
favorable conditions at the free surface of the base, are limited owing 
to the emitter thickness e Q maintained above the base. The problem 
of this type of structure however lies in their poor stability inasmuch 
as the diffusion achieved for the contacts cannot be entirely 
controlled and may therefore continue to undergo changes with time 

and temperature. 

This is why the invention proposes a heterojunction bipolar 
transistor in which the surface recombinations are minimized through 
electrically insulating elements located on a part of the base and in 
direct contact with the flanks of the emitter mesa. 

The invention can be applied to structures in which the mesa is 
an emitter mesa as well as to structures in which the mesa is a 
collector mesa. 

1MU ARV OF THF INVENTION 

More specifically, an object of the Invention is a heterojunction- 
bipolar transistor based on Ill-V semiconductor materials comprising a 
collector, a base and an emitter and having a mesa located on the 
base, said transistor furthermore comprising electrically insulating 
elements in contact with the free surface of the base and in contact 
with the flanks of the mesa, the width of said elements being of the 
same magnitude as the width of said mesa. 

According to one variant of the invention, the mesa is an emitter 
mesa constituted by p doped Ga x in-|. x P, the base is constituted by 
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Ga y tn^ y As, the electrically insulating elements being formed by 
Ga x Ini- x P containing boron ions. 

Advantageously, the mesa may comprise, on the surface, an 
ohmic contact layer made of refractory metal of the TiWSi, WN, TiW 
or other type. 

According to one variant of the invention, the bipolar transistor 
comprises a passivation layer. 

According to one variant of the invention, the bipolar transistor 
comprises a heat sink in the form of a bridge lying on the one hand on 
the mesa and on the other hand on the substrate. 

An object of the invention is also a method for making a 
heterojunction bipolar transistor based on iil-V semiconductor 
materials comprising the epitaxial growth of semiconductor layers 
including a p type (or n type} doped layer constituting the base, 
between two n type lor p type) doped layers constituting the emitter 
and the collector, wherein said transistor further comprises: 

- the ion implantation, through a mask with a width I, of 
electrically insulating ions in the said upper layer, located above the 
base layer; 

- the etching through a mask with a width L, greater than the 
width I, of the layer that has been made to be iocaliy electrically 
insulating, so as to define electrically insulating elements (61 > on 
either side of doped semiconductor elements (AC). 

Advantageously, the layer called the upper layer and the base 
layer have different types of behavior with respect to the ion 
implantation. Only the layer called the upper layer has its electrical 
properties modified by said ion implantation. 

The invention will be understood more dearly and other 
advantages shall appear from the following description, given by way 
of a non-restrictive example with reference to the appended figures, 
of which: 
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MORE DETAILED DESCRIPTION 

The heterojunction bipolar transistor according to the invention is 
shown schematicalfy in Figure 3, in the case of a structure with the 
emitter at the top [It must be noted that the Invention can also be 
applied to the case of a structure with a collector at the top). The 
bipolar transistor according to the Invention comprises a substrate lO, 
a sub-collector 21, a collector 20, a base 30 and an emitter 40. 
Ohmic contacts 81 and 82 of the collector are located on the sub- 
collector layer 21, base ohrnic contacts 91, 92 are located on the 
base on either, side of the emitter mesa 40 whose ffanks are in 
contact with electrical insulating elements 61. An emitter ohrnic 
contact 42 is located on the entire mesa 40 and the Insulating 
elements 61. 

The invention shall be described more specifically in the context 
of Gao.5mo.5P/GaAs, npn doped heterojunction bipolar transistors. 
The choice of a phosphorus-based material and an arsenic-based 
material provides for behavior with respect to operations such as 
etching or ion implantation that is different and selective from one 
layer to the next. This is a point of major interest in the context of 
the Invention. 

This type of transistor comprises: 

- a semi-insulating GaAs substrate; 

- a sub-collector layer made of n doped GaAs (with a typical 
concentration of about 4.1o18cm"3); 

- an n doped GaAs collector layer {with a typical concentration of 
about 2. 10 1 Sem-3}; 

- a base layer made of p doped GaAs (with a typical 
concentration of about 7.l0 19 cnr 3 }; 

- an emitter layer made of n doped GalnP {with a typical 
concentration of 3;10^ 7 cm' 3 ). 

GalnP emitter mesas are defined in a well-controlled manner by 
selective etching on GaAs, Similarly, the materials GalnP and GaAs 
have very different types of behavior with respect to ion implantation 
as shown by the curves of Figures 4 and 5, 

The curves {a*, (b), (c) and {d) respectively pertain to 
measurements made before, during, 10 minutes after and 1 hour after 
ion implantation. 
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Figures 4 and 5 show the difference in sensitivity of the 
electrical conductivity (respectively) of n doped GafnP and p doped 
GaAs, with boron implantation at 200 kV as a function of the dose of • 
ions deposited. The figures track the changes in eiectricaJ 
conductivity as a function of the annealing time at 416°C. In the 
case of n type GainP, the material has eiectricai resistivity greater 
than 1G 5 ohms.cm for implantation doses of 5.10 12 cm~ 2 . By means 
of this phenomenon, it is possible to make the n doped GainP layers 
practically insulating so as to define the elements 61 mentioned here 
above whereas, at the same time, a iayer of p doped GaAs keeps 
practically the same eiectricai resistivity. 

A more detailed description shall now be given of the method of 
manufacture according to the invention used to obtain a 
heterojunctioh transistor of this type. This method comprises the 
main steps illustrated in Figures 6a to 6f. 

Using a GaAS substrate 10, the epitaxial growth of the following 
layers is achieved: 

- a sub-collector iayer 21 (n doped GaAs); 

- a collector layer 20 {n doped GaAs]; 

- a base layer 30 (p doped GaAs J; 

- an emitter layer 40 (n doped GalnPJ; 

- a contact layer 41 {GalnAs}; 

A layer 42 of refractory metal {TiWSi, WN; 71 W, ...) is deposited 
off-site in order to provide the refractory ohrnic contact. 

A major advantage of the use of a refractory material arises out 
of the possibility of annealing the structure after the definition of the 
emitter mesa (described here below) so as to facilitate the removal of 
hydrogen trapped essentially in the base semiconductor layer during 
epitaxy. Indeed, the refractory metal is used to support the high 
temperatures needed for the detrapping of the hydrogen. It must be 
noted that the presence of the mesa increases the probability of the 
exodiffusion of the hydrogen trapped in the base acceptor atoms 
which are confined in the potential well brought about by the 
junctions. The stacking of the layers thus made is illustrated in Figure 
6a. 
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In a second stage, in order to insulate the bipolar transistors, 
which are made in a batch out of a common substrate, Implantation 
protection masks 50 are made out of resin and a deep electrically 
insulating ion implantation (H, He, B r O, F, ~.) Is carried out in order 
to reduce the parasites of the component and obtain intercornponent 
insulation by means of insulation wells SI and 52 {Figure 6b). 

Then, a thickening metallization 60 r with a width I, is deposited, 
then the emitter ohmic contact is deposited by a standard lift-off 
method, and then a selective passivation ion implantation is done with 
boron at 200 kV so as to define the insulating region 61 in the emitter 
layer 40. The implantation step leads Inherently to the recessed mesa 

40 shown In Figure 6c. The metallization 60 may be made of TVAu, 
with a typical width of 2 jjm and a thickness of about 1 //m. Owing 
to the presence of the metallization on the emitter, the semiconductor 
materials protected by this mask have their initial conductivity 
preserved. The thickness of the metallization made of refractory 
material is sufficiently smali to enable the ions to cross it without 
major loss of energy. The boron implantation dose is 2.5 10 12 cm-2 
so much so that only the layer of GalnP exposed is made insulating, 
The tail end of distribution of the ions goes through the base without 
disturbing ft owing to the low sensitivity of this material to 
implantation. By contrast, the GaAs collector with weak n type 
doping (of about 2.10 1 6 C m-3) may also be slightly modified 
electrically by this taii end of distribution without major drawbacks. 

- A second etching mask of photosensitive resin 70 with a width 
L is made. The refractory metal is etched by SFg based reactive dry 
etching. Then, the layer 41 of GaAs is etched by S1CI4 based 
reactive ion etching and the boroh-impfanted GalnP layer 61 is 
subjected to He! based chemical etching. Typically, the GaAs layer 
may be etched by chlorinated reactive ion etching such as SSCI4 or 
else by wet etching using citric acid for example, The GalnP may be 
etched with a solution based on pure or diluted hydrochloric acid. 
Thus, electrical insulating elements 61 are defined on either side of 
the emitter mesa 40 as shown in Figure 6d. The electrical insulating 
elements may typically have a width of at least 0.3 //m to passivate 
the base efficiently. The width of 1 jjm provides for an efficient 
compromise for obtaining microwave components- Indeed, the 
microwave gain drops by about 1 dB to 10 GHz per spacing micron 
between the active zone of the emitter and the edge of the strip of 
the base ohmic contact. This is because of the increase in the access 
resistance of the base and the base-collector capacitor. 
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- In a subsequent step shown in Figure 6e, the base mesa is 
etched by dry etching {chlorinated RIE) or combined etching {RIE and 
then chemical etching) and then the collector ohmic contacts 81 and 
82 are made. 

- Then the base ohmic contact is made. This base ohmic contact 
takes the form of a metal layer 94 and is self-aligned with the mesa of 
the emitter. Then the extrinsic base Is etched in order to reduce the 
base-collector parasitic capacitance as shown in Figure 6f. Hie 
metallization of the ohmic contact can be made for example with a 
Ti/Pt/Au or Mo/Au alloy. The use of a metallization that does not 
contain any Pt or Pd may prevent the appearance of a catalytic 
reaction with the ambient molecular hydrogen. The overhang of 
about 0,1 pm< easily obtained beneath the refractory metal (in the 
case of the wet etching of the upper layer based on arsenide 
compoundsl, enables a thick base metallization that is favorable to the 
microwave operation of the component, in limiting the phenomena 
propagated at high frequency in the strips of the base. 

This method and the component resulting therefrom have a 
certain number of advantages, including the following: 

- the thick elements 61 provide for thick passivation and hence 
excellent long-term stability; 

- the use of a refractory metal 42 makes it possible to envisage 
an easier removal of the hydrogen present in the base after the 
definition of the emitter mesa and therefore enables an increase in the 
reliability of the device; 

- the method described here above remains compatible with the 
presence of a more conventional thin passivation layer and also with 
the presence of a ballast resistor integrated into the emitter layer as 
described in the French patent application published under No. 2 736 
468 and filed by the present Applicant. An exemplary transistor 
according to the invention comprising a passivation layer 100 is 
illustrated in figure 7. 

- the component obtained Is compatible with the making of an 
upper heat sink as described in the French patent application 
published under No. 2 737 342 and filed by the present Applicant. 
An exemplary component according to the invention comprising a 
passivation layer 100 and a heat sink 101 is illustrated in figure 8. In 
the above description, the mask clement 60 is a metal element. This 
mask element may also be made of resin and subsequently eliminated. 
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In this case, the heat sink may lie directly on the layer 94 in contact 
with the level of the emitter. Indeed, the total width of the unit 
comprising the mesa 40 and the elements 61, namely the dimension 
L, is sufficient to locally clear the passivation layer 100 and make the 
heat sink lie directly on the layer 94, as illustrated in figure 9. 
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4. Brief Description of Drawings 

- Figure 1 illustrates a standard structure of a heterojunction 
bipolar transistor; 

- Figure 2 illustrates a prior art heterojunction bipolar transistor in 
which a special architecture of an emitter mesa is used to limit the 
electron/hole recombination; 

- Figure 3 illustrates a heterojunction bipolar transistor according 
to the invention; 

- Figure 4 illustrates the development of the resistivity of the n 
doped GafnP constituting an « emitter » layer in a transistor according 
to the invention, as a function of a dose of boron ions in an ion 
implantation step; 

- Figure 5 illustrates the development of the resistivity of p 
doped GaAs constituting a base layer in a transistor according to the 
invention as a function of a dose of boron ions in an ion implantation 
step; 

- Figures 6a illustrates the main steps of a 

method for the manufacture of a transistor according to the invention; 

~ Figures 6b illustrates the main steps of a 
method for the manufacture of a transistor according to the invention; 

- Figures 6c illustrates the main steps of a 

method for the manufacture of a transistor according to the invention; 

- Figures 6d illustrates the main steps of a 

method for the manufacture of a transistor according to the invention; 

- Figures 6e illustrates the main steps of a 

method for the manufacture of a transistor according to the invention; 

- Figures 6f illustrates the main steps of a 

method for the manufacture of a transistor according to the invention; 


(20) 


p 4 1 0 6 0 l—i? (12/12) 


- Figure 7 illustrates an exemplary bipolar transistor comprising a 
passivation layer; 

- Figure 8 illustrates a first exemplary bipolar transistor 
comprising a heat sink lying especially on the mask with a width I; 

- Figure 9 illustrates a second exemplary bipolar transistor 
comprising a heat sink lying on the mesa without a mask with a width 
I. 
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1 . Ab s t r a c t 

A semiconductor component of the heterojunctlon bipolar transistor 
type comprises f on a substrate, a collector, a base and a mesa-shaped 
emitter resting on the base. The bipolar transistor furthermore 
comprises electrically insulating elements in contact with the base and 
the flanks of the emitter mesa, said elements having a width of the 
same magnitude as the width of the mesa and providing the 
component with greater stability. Furthermore, a method for the 
manufacture of a component of this kind comprises in particular a 
step for the ion implantation of insulating ions through the constituent 
layer of the emitter mesa so as to define the electrically insulating 
elements. 


2 . Representative 
Fig. 6f 
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